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SPLIT GATE FLASH MEMORY CELL WITH 
BALLISTIC INJECTION 

RELATED APPLICATION 

[0001] This Application is a Divisional of US. application 
Ser. No. l0/847,825, titled “SPLIT GATE FLASH 
MEMORY CELL WITH BALLISTIC INJECTION,” ?led 
May 18, 2004, (Pending) Which is commonly assigned and 
incorporated herein by reference. 

TECHNICAL FIELD OF THE INVENTION 

[0002] The present invention relates generally to memory 
devices and in particular the present invention relates to split 
gate memory cells. 

BACKGROUND OF THE INVENTION 

[0003] Memory devices are typically provided as internal, 
semiconductor, integrated circuits in computers or other 
electronic devices. There are many different types of 
memory including random-access memory (RAM), read 
only memory (ROM), dynamic random access memory 
(DRAM), synchronous dynamic random access memory 
(SDRAM), and ?ash memory. One type of ?ash memory is 
a nitride read only memory (NROM). NROM has some of 
the characteristics of ?ash memory but does not require the 
special fabrication processes of ?ash memory. NROM inte 
grated circuits can be implemented using a standard CMOS 
process. 

[0004] Flash memory devices have developed into a popu 
lar source of non-volatile memory for a Wide range of 
electronic applications. Flash memory devices typically use 
a one-transistor memory cell that alloWs for high memory 
densities, high reliability, and loW poWer consumption. 
Common uses for ?ash memory include personal computers, 
personal digital assistants (PDAs), digital cameras, and 
cellular telephones. Program code and system data such as 
a basic input/output system (BIOS) are typically stored in 
?ash memory devices for use in personal computer systems. 

[0005] The performance of ?ash memory transistors needs 
to increase as the performance of computer systems 
increases. To accomplish a performance increase, the tran 
sistors can be reduced in siZe. This has the effect of increased 
speed With decreased poWer requirements. 

[0006] HoWever, a problem With decreased ?ash memory 
siZe is that ?ash memory cell technologies have some 
scaling limitations due to the high voltage requirements for 
program and erase operations. As MOSFETs are scaled to 
deep sub-micron dimensions, it becomes more di?icult to 
maintain an acceptable aspect ratio. Not only is the gate 
oxide thickness scaled to less than 10 nm as the channel 
length becomes sub-micron but the depletion region Width 
and junction depth must be scaled to smaller dimensions. 
The depletion region or space charge Width can be made 
smaller by increasing the substrate or Well doping. HoWever, 
it is extremely di?icult to scale the junction depths to 100 
nm-200 nm (1000 A to 2000 A) since these are doped by ion 
implantation and diffusion. 

[0007] Another problem With ?ash memories is program 
speed. Depending on threshold voltage levels, programming 
times in tenths of a second or more is not uncommon. 
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[0008] For the reasons stated above, and for other reasons 
stated beloW Which Will become apparent to those skilled in 
the art upon reading and understanding the present speci? 
cation, there is a need in the art for a more scalable, higher 
performance ?ash memory transistor. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0009] FIG. 1 shoWs a cross-sectional vieW of one 
embodiment of a planar split gate ?ash memory cell of the 
present invention. 

[0010] FIG. 2 shoWs a cross-sectional vieW of one 
embodiment of a vertical split gate ?ash memory cell of the 
present invention. 

[0011] FIG. 3 shoWs an electrical schematic vieW of the 
embodiments of FIGS. 1 and 2. 

[0012] FIG. 4 shoWs a plot of one embodiment of the 
potential energy for electrons along the surface of the 
embodiment of FIG. 1. 

[0013] FIGS. 5A and 5B shoW a cross-sectional vieW of 
one embodiment of a read operation of the present invention 
in accordance With the embodiment of FIG. 1. 

[0014] FIGS. 6A and 6B shoW a cross-sectional vieW of 
another embodiment of a read operation of the present 
invention in accordance With the embodiment of FIG. 1. 

[0015] FIGS. 7A-7D shoW a cross-sectional vieW of one 
embodiment of a fabrication method of the present invention 
in accordance With the embodiment of FIG. 1. 

[0016] FIGS. 8A-8E shoW a cross-sectional vieW of one 
embodiment of a fabrication method of the present invention 
in accordance With the embodiment of FIG. 2. 

[0017] FIG. 9 shoWs a block diagram of an electronic 
system of the present invention. 

DETAILED DESCRIPTION 

[0018] In the folloWing detailed description of the inven 
tion, reference is made to the accompanying draWings that 
form a part hereof and in Which is shoWn, by Way of 
illustration, speci?c embodiments in Which the invention 
may be practiced. In the draWings, like numerals describe 
substantially similar components throughout the several 
vieWs. These embodiments are described in su?icient detail 
to enable those skilled in the art to practice the invention. 
Other embodiments may be utiliZed and structural, logical, 
and electrical changes may be made Without departing from 
the scope of the present invention. The folloWing detailed 
description is, therefore, not to be taken in a limiting sense, 
and the scope of the present invention is de?ned only by the 
appended claims and equivalents thereof. 

[0019] FIG. 1 illustrates a cross-sectional vieW of one 
embodiment of a planar split gate ?ash memory cell of the 
present invention. The cell is comprised of a substrate 106 
that has tWo n+ doped regions 101 and 102 that act as 
source/drain regions. The function of the region 101 or 102 
is determined by the direction of operation of the memory 
cell. In the embodiment of FIG. 1, the substrate 106 is a 
p-type material and the source/drain regions 101 and 102 are 
n-type material. HoWever, alternate embodiments may have 
an n-type substrate With p-type source/drain regions. 
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[0020] A channel region 110 is formed between the 
source/drain regions 101 and 102. During a program opera 
tion, as is Well known in the art, the electrons are injected 
from a pinched olf area of the channel region 110 to a 
?oating gate 103 or 104. The electrons ?oW in the opposite 
direction during an erase operation. 

[0021] The split ?oating gate 103 and 104, typically made 
of doped polysilicon, is disposed over the channel region 
110. The ?oating gate sections 103 and 104 are electrically 
isolated from the substrate by a dielectric layer. For 
example, a gate oxide can be formed betWeen the ?oating 
gate 103 and 104 and the channel region 110. 

[0022] A control gate 105 is located over the ?oating gate 
103 and 104 and can also be made of doped polysilicon. The 
control gate 105 is electrically separated from the ?oating 
gates 103 and 104 by another dielectric layer. Thus, the 
?oating gate 103 and 104 is “?oating” in dielectric so that 
they are insulated from both the channel region 110 and the 
control gate 105. A depression portion of the control gate 
105 physically separates or “splits” the ?oating gate 103 and 
104 such that tWo charge storage areas are created. 

[0023] In operation, the memory cell of the present inven 
tion employs ballistic direction injection to perform a pro 
gramming operation. The ballistic direction injection pro 
vides loWer Write times and currents. 

[0024] The ballistic direction injection is accomplished by 
initially over-erasing the cell. This may be done during a 
functional test. The over-erase operation leaves the ?oating 
gate sections 103 and 104 With an absence of electrons (i.e., 
in a positive charge state) and creating a “virtual” source/ 
drain region 113 near the source/drains regions. The virtual 
source/drain region 113 has a loWer threshold voltage than 
the central part of the channel 110 and is either an ultra thin 
sheet of electrons or a depleted region With a loW energy or 
potential Well for electrons. 

[0025] When the transistor is turned on With an applied 
drain voltage, a variation in potential energy is created along 
the surface of the semiconductor, as Will be illustrated later 
With reference to FIG. 4. A potential Well or minimum for 
electrons exists due to the positive ?oating gate charge. 
When the transistor is turned on, these potential energy 
minimums for electrons cause a higher density of electrons 
near the source. Thus the channel pinches olf further aWay 
113 from the drain 101 than normal. The length of the 
pinched-off region 113 is determined by the length of the 
?oating gates that have sub-lithographic minimal dimen 
sions. Hot electrons accelerated in the narroW region 113 
near the drain 101 become ballistic and are directly injected 
onto the ?oating gate 103. 

[0026] In one embodiment, this pinched-off region 113 is 
in a range of 10-40 nm (100-400 A). Alternate embodiments 
have different ranges depending on ?oating gate length. 

[0027] The ?ash memory transistor of the present inven 
tion is symmetrical and can be operated in either direction to 
create tWo possible storage regions When operated in a 
virtual ground array. Therefore, the above operation descrip 
tion can be applied to the operation of the transistor When the 
remaining source/drain region 102 is biased such that it 
operates as a drain region. 

[0028] In one embodiment, a substrate or Well voltage, 
Vsub, is used to assist during a program operation. The 
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substrate bias enables the ?oating gates to store injected 
electrons in excess of those that Would be stored Without the 
substrate bias. Without the bias, the program process is 
self-limiting in that When enough electrons have been col 
lected on a ?oating gate, the gate tends to repel any further 
electrons. The substrate bias results in a signi?cant negative 
charge to be Written to the ?oating gate. The substrate bias 
is not required for proper operation of the embodiments of 
the present invention. 

[0029] In one embodiment, the substrate bias is a negative 
voltage in a range of —IV to —2V. Alternate embodiments 
use other voltages. 

[0030] FIG. 2 illustrates a cross-sectional vieW of one 
embodiment of a vertical split gate ?ash memory cell of the 
present invention. The transistor is comprised of a substrate 
206 that includes a plurality of doped regions 201 and 202 
that act as source/drain regions. In one embodiment, the 
substrate is a p-type material and the doped regions are 
n-type material. Alternate embodiments use an n-type sub 
strate With opposite type doped regions 201 and 202. 

[0031] The substrate forms a pillar betWeen tWo ?oating 
gates 203 and 204. This provides electrical isolation of the 
?oating gates 203 and 204. A control gate 205 is formed over 
the ?oating gates 203 and 204 and substrate pillar. 

[0032] A channel region 210 is formed betWeen the ?oat 
ing gates 203 and 204. Additionally, as in the planar embodi 
ment of FIG. 1, a virtual source/drain region 213 is formed 
by an over-erase operation leaving the ?oating gates 203 and 
204 With an absence of electrons (i.e., in a positive charge 
state). HoWever, in the vertical split gate embodiment, the 
virtual source/drain region 213 and channel region 210 are 
tWo-dimensional in that they Wrap around the comers of the 
substrate pedestal. 

[0033] The operation of the vertical split gate transistor 
embodiment of FIG. 2 is substantially similar to the opera 
tion described above for the planar embodiment. A drain bias 
is applied to one of the source/drain regions 201 or 202 that 
causes the channel region 210 nearest the drain to pinch off 
213 further aWay from the drain 201 than normal. Hot 
electrons accelerated in the narroW region 213 near the drain 
201 become ballistic and are directly injected onto the 
?oating gate 203. The embodiment of FIG. 2 is also 
symmetrical and can be operated in either direction such that 
tWo storage regions 203 or 204 are possible When operated 
in a virtual ground array. 

[0034] In one embodiment, a substrate or Well voltage, 
Vsub, is used to assist during a program operation. The 
substrate bias enables the ?oating gates to store injected 
electrons in excess of those that Would be stored Without the 
substrate bias. In one embodiment, the substrate bias is a 
negative voltage in a range of —l to —2 V. Alternate embodi 
ments use other voltages. The substrate bias is not required 
for proper operation of the embodiments of the present 
invention. 

[0035] Ballistic direction injection is easiest to achieve in 
a device structure Where part of the channel is vertical as 
illustrated in the embodiment of FIG. 2. LoWer Write current 
and times are used since the geometry is conducive to hot 
electrons being accelerated by the electric ?elds. Hot elec 
trons coming off of the pinched olf end of the channel can 
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be injected onto the ?oating gates Without undergoing any 
collisions With the atoms in the lattice. 

[0036] FIG. 3 illustrates an electrical schematic vieW of 
both the planar and vertical split gate embodiments 
described in FIGS. I and 2. The memory cell symbol shoWs 
the transistor 300 With the substrate or Well bias 306. The 
virtual ground array is the bit/data lines 301 and 302. These 
are illustrated in FIGS. I and 2 as the source/drain regions 
101, 102, 201, and 202, respectively. The Word address line 
305 is illustrated in FIGS. 1 and 2 as the control gate 105 
and 205, respectively. 

[0037] FIG. 4 illustrates a plot of one embodiment of the 
potential energy for electrons along the surface of the planar 
embodiment of FIG. 1. The plot for the vertical split gate 
embodiment is substantially similar and is not illustrated 
herein in the interest of brevity. 

[0038] The plot of FIG. 4 shoWs that the electron potential 
energy increases as the distance increases from the drain of 
the transistor 400. The ballistic transport region 401 is 
indicated adjacent the drain region and is indicated as 10-40 
nm Wide. HoWever, alternate embodiments may use differ 
ent ballistic transport region Widths, depending on the Width 
of the ?oating gate. The electron potential energy sharply 
drops at the second ?oating gate and drops further 403 in 
response to the source region. 

[0039] FIGS. 5A and 5B illustrate a read operation in one 
direction for the planar embodiment transistor of the present 
invention. Referring to FIG. 5A, the left side source/drain 
region 501 is grounded While the right side source/drain 
region 502 acts as a drain With a drain voltage applied (V DS). 
A relatively smaller gate voltage (V GG), near threshold, is 
applied to turn on the transistor. If there are no electrons 
stored on the left ?oating gate 505, the channel near the 
source region 501 turns on and the channel conducts such 
that drain current IDS ?oWs. 

[0040] FIG. 5B illustrates an embodiment Where the left 
?oating gate 505 has electrons stored such that the portion 
of the channel near the source region 501 does not turn on 
and the channel Will not conduct. This results in no drain 
current ?oW. A large drain voltage is applied to fully deplete 
the region 510 near the drain 502 so that the charge state of 
the ?oating gate 506 on the right side cannot determine the 
conductivity state of the cell. 

[0041] FIGS. 6A and 6B illustrate a read operation in the 
opposite direction than that illustrated in FIGS. 5A and 5B. 
In this embodiment, as illustrated in FIG. 6A, the right 
source/drain region 602 is grounded and a drain voltage is 
applied to the left source/ drain region 601 that is noW acting 
as the drain. 

[0042] A relatively smaller gate voltage (e.g., near thresh 
old) is applied in order to turn on the transistor. If no 
electrons are stored on the right ?oating gate 606, the portion 
of the channel near the source 602 turns on and the channel 
conducts. This results in a drain current IDS ?oW. 

[0043] FIG. 6B illustrates an embodiment Where the right 
?oating gate 606 has stored electrons. In this embodiment, 
the channel near the source 602 does not turn on and the 
channel Will not conduct. This results in no drain current 
?oW. A large drain voltage, VDS, is applied to the drain 601 
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to fully deplete the region 610 near the drain 601 so that the 
charge state of the left ?oating gate 605 cannot determine the 
conductivity state of the cell. 

[0044] FIGS. 7A-7D illustrate a cross-sectional vieW of 
one embodiment of a fabrication method of the present 
invention in accordance With the planar embodiment of 
FIG. 1. The folloWing fabrication methods in both FIGS. 7 
and 8 refer to a p-type substrate and n-type conductivity 
doped regions. HoWever, the present invention is not limited 
to this type of transistor. 

[0045] The fabrication method illustrated in FIG. 7A 
begins With a p-type conductivity silicon substrate 700 that 
is doped in a plurality of source/drain regions 701 and 702 
to n-type conductivity material. Each transistor is comprised 
of a source region and a drain region Where the orientation 
is determined by the direction of operation of the transistor. 

[0046] An oxide layer 705 is deposited on the surface of 
the substrate 700. Apolysilicon layer 707 is deposited on top 
of the oxide layer 705. As discussed subsequently, the 
polysilicon layer 707 eventually becomes the ?oating gates 
that are insulated from the substrate by the oxide layer 705. 

[0047] An oxide pillar 710 is groWn on top of the poly 
silicon layer 707 substantially betWeen the n+ regions 701 
and 702. Nitride areas 711 and 712 are formed on either side 
of the oxide pillar 710. In one embodiment, each nitride area 
is in a range of 10-40 nm Wide. A sideWall process that is 
Well knoWn in the art is used to de?ne these sublithographic 
in a 100 nm technology and etch the short ?oating gates. 

[0048] FIG. 7B shoWs that the oxide pillar is removed to 
leave the nitride areas 711 and 712 that protect the areas in 
the polysilicon layer that are to become the ?oating gates. 
FIG. 7C etches aWay the nitride areas as Well as the portions 
of the polysilicon layer that is exposed. This leaves the tWo 
?oating gates 720 and 721. Another oxide layer 725 is then 
formed over the ?oating gates 720 and 721. 

[0049] FIG. 7D shoWs that a layer of polysilicon 730 is 
deposited over the upper oxide layer 725. The polysilicon 
layer 730 forms the control gate for the transistor. The virtual 
ground array con?guration insures that all components of 
the device structure are self-aligned and that there are no 
critical alignment steps. 

[0050] FIGS. 8A-8E shoW a cross-sectional vieW of one 
embodiment of a fabrication method of the present invention 
in accordance With the vertical, split gate embodiment of 
FIG. 2. The process begins With a silicon p-type substrate 
800 on Which an oxide layer 801 and a nitride layer 803 are 
formed. 

[0051] A trench 805 is then etched into the substrate and 
through the tWo upper layers 801 and 803. FIG. 8B shoWs 
that an n+doped region 807 is formed under the trench to act 
as a source/drain region 807. FIG. 8C shoWs that a layer of 
oxide 810 is deposited on the substrate and in the trench. The 
split gates are formed by a sideWall process groWing poly 
silicon areas 815 and 816 on the inside sideWalls of the oxide 
layer 810 in the trench. The length of the split gates 815 and 
816 are de?ned by the depth of the trench and by the use of 
the sideWall process. The sideWall process is Well knoWn in 
the art and is not discussed further. 

[0052] FIG. 8D shoWs an oxide layer 820 is deposited on 
top of the ?oating gates in the trench and over the oxide layer 
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outside the trench. FIG. 8E illustrates the deposition of a 
polysilicon layer 823 that acts as the control gate for the 
transistor. 

[0053] While the fabrication methods illustrated in FIGS. 
7 and 8 focus on only one ?ash transistor, it is Well knoWn 
in the art that this fabrication method is used to fabricate 
millions of transistors on an integrated circuit. 

[0054] FIG. 9 illustrates a functional block diagram of a 
memory device 900 that can incorporate the ?ash memory 
cells of the present invention. The memory device 900 is 
coupled to a processor 910. The processor 910 may be a 
microprocessor or some other type of controlling circuitry. 
The memory device 900 and the processor 910 form part of 
an electronic system 920. The memory device 900 has been 
simpli?ed to focus on features of the memory that are 
helpful in understanding the present invention. 

[0055] The memory device includes an array of ?ash 
memory cells 930 that can be ?oating gate ?ash memory 
cells. The memory array 930 is arranged in banks of roWs 
and columns. The control gates of each roW of memory cells 
is coupled With a Wordline While the drain and source 
connections of the memory cells are coupled to bitlines. As 
is Well knoWn in the art, the connection of the cells to the 
bitlines depends on Whether the array is a NAND architec 
ture or a NOR architecture. The memory cells of the present 
invention can be arranged in either a NAND or NOR 
architecture as Well as other architectures. 

[0056] An address buffer circuit 940 is provided to latch 
address signals provided on address input connections 
A0-AX 942. Address signals are received and decoded by a 
roW decoder 944 and a column decoder 946 to access the 
memory array 930. It Will be appreciated by those skilled in 
the art, With the bene?t of the present description, that the 
number of address input connections depends on the density 
and architecture of the memory array 930. That is, the 
number of addresses increases With both increased memory 
cell counts and increased bank and block counts. 

[0057] The memory device 900 reads data in the memory 
array 930 by sensing voltage or current changes in the 
memory array columns using sense/buffer circuitry 950. The 
sense/buffer circuitry, in one embodiment, is coupled to read 
and latch a roW of data from the memory array 930. Data 
input and output buffer circuitry 960 is included for bi 
directional data communication over a plurality of data 
connections 962 With the controller 910. Write circuitry 955 
is provided to Write data to the memory array. 

[0058] Control circuitry 970 decodes signals provided on 
control connections 972 from the processor 910. These 
signals are used to control the operations on the memory 
array 930, including data read, data Write, and erase opera 
tions. The control circuitry 970 may be a state machine, a 
sequencer, or some other type of controller. 

[0059] The ?ash memory device illustrated in FIG. 9 has 
been simpli?ed to facilitate a basic understanding of the 
features of the memory. A more detailed understanding of 
internal circuitry and functions of ?ash memories are knoWn 
to those skilled in the art. 

CONCLUSION 

[0060] In summary, a planar ?ash memory device uses a 
combination of very short split ?oating gate regions and 
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substrate bias to accelerate electrons near a drain region 
during a Write operation. In one embodiment, the ?oating 
gate regions are 10-40 nm in length. Using the ballistic 
direction injection, electrons can be accelerated over a short 
distance and easily overcome the silicon-oxide interface 
potential barrier and be injected onto the ?oating gate. 

[0061] In the case of ?ash memory devices Where at least 
part of the channel is vertical, the geometry is more favor 
able for ballistic transport electrons being incident on the 
silicon-oxide interface and being directly injected over this 
barrier onto the ?oating gate. These electrons Will not 
undergo collisions With the lattice atoms. Write currents and 
times Will be loWer and substrate bias is not required. 

[0062] Although speci?c embodiments have been illus 
trated and described herein, it Will be appreciated by those 
of ordinary skill in the art that any arrangement that is 
calculated to achieve the same purpose may be substituted 
for the speci?c embodiments shoWn. Many adaptations of 
the invention Will be apparent to those of ordinary skill in the 
art. Accordingly, this application is intended to cover any 
adaptations or variations of the invention. It is manifestly 
intended that this invention be limited only by the folloWing 
claims and equivalents thereof. 

What is claimed is: 
1. A method for Writing to a ?ash memory cell comprising 

a split ?oating gate having 

a plurality of sections that are located betWeen a substrate 
having tWo source/drain 

regions and a control gate, the tWo source/drain regions 
linked by a channel region in the substrate, the method 
comprising: 

creating a positive charge on a ?rst section of the ?oating 
gate; 

grounding a ?rst source/drain region; 

applying a gate voltage to the control gate; and 

applying a drain voltage to the second source/drain 
region such that ballistic direction injection occurs in 
a virtual source/drain region of the channel adjacent 
the ?rst section. 

2. The method of claim 1 and further including applying 
a substrate bias to the substrate. 

3. The method of claim 2 Wherein the substrate bias is a 
negative voltage. 

4. The method of claim 1 Wherein creating the positive 
charge includes over-erasing the ?ash memory cell. 

5. The method of claim 1 Wherein the virtual source/drain 
region has a loWer threshold voltage than a remainder of the 
channel region. 

6. The method of claim I Wherein the virtual source/drain 
region is a pinched oif region of a channel formed in the 
channel region. 

7. The method of claim 6 Wherein the pinched oif region 
is 10-40 nm in length. 

8. A method for Writing to a memory cell in a ?ash 
memory array, each cell comprising a split ?oating gate 
located betWeen a substrate having tWo source/drain regions 
and a control gate, the tWo source/drain regions linked by a 
channel in the substrate, the method comprising: 
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over-erasing at least a section of the ?oating gate; 

grounding a ?rst source/drain region; 

applying a gate voltage to the control gate; and 

applying a drain voltage to the second source/drain region 
such that the channel is pinched o? a distance in a range 
of 10-40 nm from the second source/drain region and 
adjacent to the section of the split ?oating gate. 

9. The method of claim 8 Wherein the ?ash memory array 
is comprised of a NAND-type architecture. 

10. The method of claim 8 Wherein the ?ash memory 
array is comprised of a NOR-type architecture. 

11. The method of claim 8 Wherein over-erasing the at 
least one section includes causing a positive charge to form 
on the at least one section. 

12. The method of claim 8 and further including biasing 
the substrate With a negative voltage. 

13. The method of claim 12 Wherein the negative voltage 
is in a range of —1V to —2V. 

14. A method for programming a vertical memory cell in 
a memory array, each vertical cell comprising split ?oating 
gate sections located along sideWalls of a pedestal formed in 
a substrate having tWo source/drain regions and a control 
gate formed betWeen the ?oating gate sections, the tWo 
source/ drain regions linked by a channel in the substrate, the 
method comprising: 

over-erasing a ?rst section of the ?oating gate to form a 
positive charge on the ?rst section; 
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biasing a ?rst source/drain region at ground potential; 

applying a gate voltage to the control gate Wherein the 
gate voltage is less than a threshold voltage for the 
vertical memory cell; 

applying a drain voltage to the second source/drain region 
such that a channel in a tWo-dimensional channel 
region is pinched o? and a virtual source/drain region 
forms along the sideWall adjacent to the ?rst section of 
the split ?oating gate; and 

applying a negative bias to the substrate. 
15. The method of claim 14 Wherein the tWo-dimensional 

channel region is formed around the sideWalls of the ped 
estal. 

16. The method of claim 14 Wherein a portion of the 
channel adjacent the ?rst source region does not turn on such 
that the channel does not conduct. 

17. The method of claim 16 Wherein the non-conducting 
channel results in no drain current ?oW. 

18. The method of claim 14 Wherein the drain voltage is 
large enough to fully deplete the channel region adjacent to 
the second source/drain region. 

19. The method of claim 18 Wherein the ?rst source/drain 
region is acting as a source and the second source/drain 
region is acting as a drain. 

20. The method of claim 19 Wherein an electron potential 
energy increases as a distance increases from the drain. 

* * * * * 


